Inorganic sulfate is formed during the metabolism of the sulfur-containing amino acids. Although its exact functions are not well understood, the body nevertheless maintains a basic store of circulating sulfate at all times. Its plasma level, although low, is fairly constant, being maintained in the normal dog within limits of 1.2 and 1.8 millimols per liter. The maintenance of plasma concentration within these limits is brought about by renal mechanisms, an understanding of which is requisite for a complete picture -of the renal regulation of electrolyte balance. Since the sulfate ion has been shown to be completely filterable through the glomerular membrane (5,4), the stabilization of its plasma concentration depends, fundamentally, upon its tubular reabsorption, for upon the characteristics of this process depends the balance between its conservation and elimination by the kidneys.
made with an indwelling catheter.
The collection periods were 10 minutes long, and when the urine flow was less than 10 ml. per minute, the bladder was washed with distilled water and the washings added to the original urine.
A blood sample was drawn from the jugular vein at the midpoint of each collection period, oxalated and centrifuged for plasma analyses.
Infusions were administered continuously by saphenous vein at rates of 3, 4 and 10 ml. per minute.
Each infusion was allowed to run for 20 minutes before the experimental periods were begun to allow plasma concentrations to become nearly constant. The infusion mixtures, which were made isotonic with glucose, contained creatinine for the measurement of glomerular filtration rate and varying amounts of sodium sulfate according to the plasma concentration of sulfate desired. Water was given in amounts of 50 ml. per kilo of body weight approximately one hour before the experiment to insure adequate hydration.
Creatinine was determined on iron For the 12 hours preceding the experiment food was withheld, and as a result plasma sulfate concentration was at the control level of 1.62 millimols per liter.
As a consequence of this low plasma concentration, the quantity of sulfate filtered was small, amounting to only 0.100 millimol per minute. Of this amount filtered, essentially all was reabsorbed, only traces appearing in the urine. Plasma sulfate was then progressively elevated by the intravenous infusion of sodium sulfate. It is seen that in the next four periods the plasma sulfate concentration exceeded the normal value of 1.62 millimols per liter, ranging from 2.9 to 9.5 millimols per liter in the last period. Reference to the last column shows that d uring these periods the quantity of sulfate reabsorbed remained nearly constant at 0.12 to 0.13 millimols per minute. All of the sulfate filtered over and above the limited quantity reabsorbed was excreted in the urine. This experiment indicates that there exists a threshold above which the rate of tubular reabsorption of sulfate becomes constant, whereas the excess filtered is quantitatively excreted. In figures 1 and 2 the quantities of sulfate reabsorbed and excreted are related to the quantity filtered, i.e., the quantity presented to the tubules in the glomerular filtrate. Figure 1 represents the grouped data of 31 similar clearance periods on dog 1, and figure 2, 29 clearance periods on dog 2. It is seen in figure 1 that when the quantity of sulfate filtered was below 0.1 millimol per minute, all filtered was reabsorbed and essentially none appeared in the urine. But as the quantity filtered exceeded 0.1 millimol per minute, the quantity reabsorbed remained almost constant at a value that averaged 0.1 millimol per minute. The excess that was filtered over and above this limited amount reabsorbed was excreted in the urine. A limitation of reabsorptive capacity is evident from these data. In the data of figure 2 it is apparent that tubular reabsorption of sulfate was essentially complete when the quantity filtered remained below 0.05 millimol per minute. Above this amount, a constant rate of reabsorption was rapidly attained which amounted to 0.05 millimol per minute. It is evident that this dog reabsorbed on an average 0.05 millimol per minut(e less than the preceding one. However, a limitation of reabsorptive capacity is here equally apparent. Such quantitative differences as are evident in the reabsorptive capacities of these two dogs are no doubt expressions of individual variations in renal function.
The limitation in the rate of tubular reabsorption of sulfate is reproducible in any one individual from day to day and constant over a wide range of plasma sulfate concentpations.
The results of 64 clearance periods on the two dogs are presented in figure 3 in which the sulfate/oreatinine clearance ratios are plotted against plasma-sulfate concentration.
It is apparent that the sulfate clearance rapidly increases as plasma-sulfate concentration is elevated above normal. The glomerular clearance represented by the dotted line is approached as the asymptote and apparently reached at infinitely high concentrations of sulfate in the plasma. These findings are in agreement with those of Goudsmit, Power and Bollman (4).
The instub&ty of the sulfate reabguq%ve mechanism during periods of increased chloride excretion . It has been shown that the tubular reabsorptive mechanisms for chloride and bicarbonate ions are interrelated (9) . The capacity to reabsorb bicarbonate is reduced by an increased rate of chloride reabsorption, and vice versa an increased rate of bicarbonate reabsorption reduces the capacity of the tubules to reabsorb chloride.
Previous observers (15) Reference 'to the last column shows that there was a significant increase of about 27% in the reabsorption of chloride in the second three periods.
This increase in chloride reabsorption was the result of the increase in glomerular filtration rate (6) that occurred as a consequence of the infusion of hypertonic sodium chloride. The significant result of this experiment was the decrease of approximately 50% in the capacity of the tubules to reabsorb sulfate that occurred in the last three periods. In view of the conditions of this experiment, there are two possible explanations for this finding. First, the depression of sulfate reabsorption could have occurred as a specific effect of the increase in the tubular reabsorption of chloride, Le., that the chloride and sulfate ions could have competed for a common reabsorptive mechanism. Second, the depression in sulfate reabsorption could have occurred as a non-specific osmotic effect consequent upon the appearance of large quantities of sodium and chloride ions in the glomerular filtrate. If one were able to effect an increase in the rate of reabsorption of chloride without a concomitant increase in chloride excretion, it would be possible to differentiate these possibilities. Accordingly, experiment 23 in table 2 was done. Flasma chloride remained normal throughout.
The rate of reabsorption of chloride was increased by increasing the rate of glomerular filtration through the feeding of meatI. Plasma sulfate was elevated to levels comparable with experiment 22 and three cont+rol periods were taken. Two pounds of lean beef were fed and four hours later three identical periods were run. The increase in the rate of glomerular filtration that occurred as a result of this procedure was comparable to that which occurred in the previous experiment. In like manner, an increase of 21% in the rate of reabsorption of chloride compares favorably w&h the 27% increase in this function in the previous experiment. It is striking, huwever, that in experiment 23 the reabsorption of sulfate remained remarkably constant during all six periods, in spite of the increased rate of chloride reabsorption. The difference between the two experiments lies in the fact that in the second one there was an increase in the rate of reabsorption of chloride without a concomitant change in the rate of chloride excretion. Thus this experiment differentiates the explanations for the results of experiment 23 and indicates that the chloride and sulfate ions do not compete for a common reabsorptive mechanism. The depression in the capacity of the tubules to reabsorb sulfate in experiment 22 must be explained as a non-specific effect of the chloride ion. The exact nature of this action is not clear; however, a theoretical discussion will be presented below. Independence of the reabsorptive mechanisms for suljbte and phosphate. In table 3 an experiment is presented which illustrates the independence of the mechanisms for the tubular reabsorption of inorganic sulfate and inorganic phosphate. Plasma-sulfate concentration was normal and fairly constant throughout. After three control periods phosphate was infused in amounts sufficient to cause a marked elevation in phosphate reabsorption. It is seen from column 10 that the rate of tubular reabso@ion of sulfate remained remarkably constant throughout.
These results demonstrate that the reabsorptive mechanisms for sulfate and phosphate are separate and in no way interrelated.
Drscuss~ox From the data presented in this paper it is evident that there is a plasma threshold for sulfate, below which the kidney salvages essentially all of the sulfate filtered and allows only traces to appear in the urine.
With but slight elevations in plasma sulfate concentrations, or even with increases in filtration rate, the plasma threshold is rapidly exceeded, a maximal reabsorptive capacity for sulfate is attained, and any further. sulfate that appears in the glomerular filtrate is quantitatively excreted in the urine. These characteristics of the renal mechanisms that handle sulfate are apparent from the graphs in figures 1 and 2. The properties of the sulfate reabsorptive mechanism fit it for its function of stabilizing plasma-sulfate concentration.
The reabsorption of a constant amount of this ion assures the conservation of a basic store of circulating sulfate at all times.
The rapid elimination of any excess tends to prevent undue expansions of sulfate in the body fluids.
This latter characteristic is especially important for the bodily economy.
For since the sulfate ion acts as a strong acid, it requires its full complement of base, and any increase in its concentration in the extracellular fluid brings about a depletion of the alkali reserve with serious derangement of the acid-base balance of the body.
Under normal conditions the capacity of the renal tubules to reabsorb sulfate is limited and independent of changes in glomerular filtration and the rates of reabsorption of other ions. These findings signify that inorganic sulfate is handled in a specific fashion different from the other electrolytes by an active type of tubular mechanism. The sulfate reabsorptive mechanism thus exhibits characteristics similar to those that handle glucose (16), amino acids (10, ll), inorganic phosphate (12) and ascorbic acid (3, 14) , in lvhich a limitation of reabsorptive capacity is felt to be dependent upon limited quantities of some tubular components utilized in the reabsorptive processes. The depression of sulfate reabsorption that occurs when chloride ion is in high concentration in the tubular urine might be explained in the following way. An increase in the total ionic strength of the tubular urine might make so steep the osmotic gradient against which sulfate must be reabsorbed that the tubular cells are no longer able to deliver sufficient energy to meet the increased osmotic demands. Such an explanation supposes that there exists in the reabsorption of sulfate an 'osmotic ceiling' against which the tubules are unable to work. Thus the capacity of the tubules to reabsorb sulfate would be limited by the same type of osmotic ceiling that limits the reabsorption of water. Any explanation is at present pure speculation, and the solution of the problem must await further metabolic and thermodynamic studies on the tubular cell. 2. It has been observed that sulfate is reabsorbed by an active type of mech-anism which exhibits a limitation of reabsorptive capacity. Under conditions of normal plasma sulfate and normal rates of glomerular filtration, there is quantitative reabsorption of all sulfate in the glomerular filtrate. With any slight increase in the tubular load, the reabsorptive capacity is rapidly exceeded and the excess is excreted in the urine.
Thus the renal threshold for sulfate is very sharp.
3. Under normal conditions the reabsorptive mechanism for sulfate is independent of those of chloride and phosphate.
4. Associated with the infusion of hypertonic sodium chloride there is a marked decrease in the capacity to reabsorb sulfate. This is felt to be a non-specific osmotic effect consequent upon the appearance of large quantities of sodium and chloride ions in the glomerular filtrate.
A theoretical discussion of this effect has been presented.
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